1833.] 3953 (Day.

7 was the last introduced of the letters of the Roman alphabet, * % *
[t erept into English during the fifteenth century from the French, and i
use i8 now pretty nearly restricted to foreign loan-words * * *  codillo
means little zed ; zediglic is the diminutive for zeltcwla,”” . 198,

——— . -
- -
[T P - —

The Microscopic FEeamination of Timber will reqard to s Strength. A
Contribution from the Eli K, Price Botanical Laboratory of the Unwversity
of Pennsylvania. By Frank M. Day.

(Read before the American Plilosophical Soctety, December 21, 1883.)

The valuable paper of Dr, J. T. Rothrock upon “BSome Microscopic
Distinetions between Good and Bad Timber of the Same Species,”” re-
cently read before the American Philogophical Society, has opened a broad
field for original investigation. The question there suggested as to the
possibility of approximately determining the strength of timber hy miero-
scopic examination (involving asg it does the guestion of the **differences
in the strength of wood due to the moleculay differencer 1in the structure
of the fibre *’) is one that can be answered only after the most extended
and carefully conducted investigation.

As long as we confine ourselves to the examination of various specimens
of the same species the task of distinguishing the good picces from the
bad, and of roughly predicting the relative strains which they will resist,
19 comparatively easy.*

_]_’];”,(3 1 S]")\.\/ing Lransverse :‘"(’('[.i(')HS Of WO l)i(f('.(‘H of Rock Klm ( ("rl)l(llﬂ
racemosa Thomas), furnishes illustrations of the general dilterences be-
tween good and bad wood of the same species. The upper figure is a sec-
tion of the wood used by a well-known firm in their highest grade of
hubs ; the lower is a section of wood which they declare to be practically
worthless, Ttisevident froma glance at these drawings that the good differs
from the bad, in 1st, The much smaller area occupied by ducts ; 2d, The
smaller bore and consequently thicker walls of the woody fibres ; 3d, The
more compact arranee aent of the woody fibres, giving them a polygonal
rather {han a circular outline ; 4th, The much greater annual growth,
Thesge are the elements which it is but reasonable to suppose would give
strength to the wood, They are further those which are found to do so
in the great majority of cases.

The strength of the cellulose of which the wood 18 composed, is, in vi-
rious species and under various conditions, by no means the same. For
example, Buttonwood (Platanus oceidentalus 1i.) rapidly loses the greater
part of its strength, by a natural process which the woodsmen call ““ doat-
ing,”” the only indieation of which is a bDleaching of the tissues, Hence
any statements as to the strength of timber, made from an examination of
the structure alone are open to question.

*This it will be ureed can be done hy the practical eye without the ald of the
microscope, but it must be remembered that the entire investigation of the
subject is, at its present stage, of theoretical rather than practical interest,
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We are, however, able to leave this uncertain element out of consider-
ation when we turn our attention to the following experiments upon the
transverse strength of the coniferous woods, the results of which point to
an almost identical value for the strength element of the cellulose in the
several pieces tested. Each piece was exactly one-and-a-half inches
square by two feet nine inches long, and rested upon rounded edges at a
distance of two feet six inches apart. ‘T'he pressure was gradually applied
at a point half way between the supports, and the deflection was taken at
xach hundred pounds.

Plate II shows, side by side, transverse sections of three pleces thus
tested, The detail of the experiments are exhibited in the following table :
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These results, taken in connection with an examination of the gections,
indicate a great probability that in the coniferous woods the st rength de-
pends chiefly upon the ratio of the number of thickened autumn-fihres to
the total number of fibres formed during the year, becoming greater the
greater the number of thickened fibres. Thus it is seen that in 2 by far
the strongest of the three pieces tested, the thick-walled fibres ocenpy
almost half the year’s growth, while in % they form a mere strip at the
end of the growth. In connection with this statement it may be well to
remark that the absolute breadth of the annual growth in the coniferous
woods does not seem to be as important an element in the problem of
strength as in the so-called ““hard-woods ™ (Angiosperms). The reason of
this is the absence of the ducts which in the “hard woods”’ are formed,
as a rule, in the early part of the annual growth. After this the solid
wood is formed. Ience, the value in them, other things being equal, of
a large annual growth

The ease with which the results of the tests upon the coniferous woods
are explained gives place to the greatest difficulty in the case of the hard
woods. Important factors in this case, and ones which we have not been
called upon to consider in the coniferous woods, are, Ist, the weakness due
to a greater or less abundance of duets, and second, the strength added by
more or less highly developed medullary rays.* The following table con-
tains the results of eight experiments as to transverse strength made in

exactly the same manner as described in the previous case. The pieces of

timber were in all cases carefully selected and accurately dressed, They

“The medullary rays being much legs congpicuous in the Conifere,
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Each of the numbers given in the columns headed, Length of Woody
Fibre, Exterior Diameter of Wo dy Fibre and Interior Diameter of
Woody Fibre is the average ol twenty micrometric measurements. The
numbers in the column headed Duet Aren represent the area occupied by
ducts in one square inch of transverse section. ISach of the results there
given is the average of planimeter measurement of three camera lueida
drawings taken at various parts of a section.

The results of the first four of the above experiments may be summed
up thus: 4 and D stif hickory and white oak had small annual erowth,
nu‘nh.'ml.v]y lnree duet area and moderately thick fibre walls : whereas 2
and O elastic hickory and white oak, had moderately large annnal growth,
small duct area and thick fibre walls, Whether the general difference
between elastic and stiff timber is chiefly due to a difference in the char-
acter of the cellulose, or whether it is chiefly due to a difference of cell
structure s a question that would require a much more extended geries of
experiments than the above to settle finally. The results given, though
Loo few in number to be of great value, point to the latter view of the
case ; while the fact that the same picce of wood will, at various ages, ex-
hibit various degrees of elagticity, inclines us to the former. The experi-
ments G, [, Jand A show the difficulty of comparing woods of different
species, IFor instance, the pieces @ and ./ had almost the same annual
growth, duct area and fibre thickness. Yet they broke with straing of
respectively 1750 1bs. and 900 1bs. An observation that brings out more
clearly than before the fact tliat differences of strength in woods of defferent
species are largely due to differences in the cellulose.

The measurements of Iength of woody filrre given in this and in the
table of the results of experiments upon the coniferons woods, furnish ex-
cellent proof” of the correctness of the statement made by Dr. Rothrock,
that the relation between the absolute length of fibre and the strength of
timber i8 a very slight one,

The importance of the medullary ray as a strencth giving element,
though suggested, hag not, heretofore, been insisted upon with suflicient
positiveness.  The following experiments, undertaken with reference to
this point, show that in woods such ag Oak and Buttonwood, in which the
rays are highly developed, a large part of the strength is due to their
pregence. From cubes of wood, the edoes of which measured 8ix inches,
plates six inches square and one inch thick were cut in a direction trans-
verse to the woody fibres. IFrom these, pieces of g shape suitable for

testing in o cement testing machine were cut, in such a manner that half
of the picces had he medullary rays ranning in the' direetion in which
the tension was applied, and half of them in a direction perpendicular to
this, In each the area subject to strain was one square inch, 'T'he result
rives, of course, the lateral adhesion of the fibres, with and without the

strength added by the medullary rays.

N
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The surprising fact will be observed that in the Live Oak the force re-
quired to overcome the lateral adhesion of the fibres when reinforced by
medullary rays is almost, and in the Red Oak more than twice that re-
quired when not so reinforced. Similar experiments upon Buttonwood
( Platanus occidentalis, 1..) would probably show an equal, 1f not greater,
difference. While Hemlock, Pine, Tulip-Poplar or other woods with
weak rays, it is but reasonable to expect, would show but slight difterences
in the two directions.

In view of the above results it is easy to see that resistance to splitting,
although usually ascribed to ‘“erookedness of orain,”” is also in a large
measure due to the binding action of the rays. Where, however, we
have both of these qualities present, we find a wood admirably adapted
for certain purposes, as for example the manufacture of hubs. Ilence 1t
ig that Rock Elm ( Ulmus racemosa) and Black Gum or Tupelo (Nyssa
muldtiflora, Wang.), in hoth of which abundant rays are found coupled with
oreat contortion of fibres, are much in demand by hiub makers.

[n Lignum Vite ( Guaiaewm officinale) the erossing of the fibres of dif-
ferent layers is very apparent, and in a specimen of Black Gum, fibres
were found which deviated from the vertical as much as ten times their
breadth in their own length.

Plates 111 and IV are given as illustrations of the statement concerning
the resistance to splitting or wedging made above. ‘T'he upper halfl® of
Plate TIT shows a transverse section of Buttonwood, enlarged 125 times.

The drawing is made from the wood of the butt of a tree which portion

presented such great resistance to wedging that it was finally reduced to

manageable size by the use of cunpowder. In it are scen the abundance

PROC, AMER. PHILOS. 800, XXI, 114. 2Q. PRINTED FEBRUARY 1, 1584,
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of ducts and great size of medullary ray characteristic of this wood.
Jelow it 1s placed a transverse section of Tulip-Poplar (same amplifica.-

tion), a wood which gplits as easily ag Pine. In it the abundance of ducts
and weakness of medullary rays are shown. Plate 1V gives the same
woods, with the same amplification 1n tangential section, thus cutting the
rays transversely and showing the contortion of the fibres in Buttonwood
and their straightness in Tulip-Poplar.

To Dr. J. T. Rothrock, for his Kind asgistance and advice during the
preparation of the present artiele, the writer wishes to express his sincerest
thanks. Thanks are also due to Mr. Simmonds, of the University, for
hig ecareful preparation of the specimens tested, and to Messrs. Riehld

Jros., upon whoge machines the work of testing was performed.

EXPLANATION OF ILLUSTRATIONS.

The drawings were all made by the aid of the camera lucida.
[n Plate LT the amplification is 75 ciameters.
In Plate 1, TIT and IV the amplification is 125 diameters.
Plate I. a, Ulmus racemosa. (Good.)
b, Ulmus racemosa, (Bad, )
Plate 11, a, Pinus (sp. )

b, Abies Canadensis.

e, Pinus Strobus.
Plate 111, @, Platanus ocerdentalys,
b

Plate IV, a, Platanus occidentalis,
b, Liriodendron Tulipifera,

oS , . o p » ransversa sections.
Lariodendron /'(lfl!../)’:/li)'(h ‘

-

?~ Tangential seotions

[n all the illustrations the following lettering s used :
W F'—Woody Fibre.

D—Duct,

M R—Medullary Ray.




.
1888, 1 3’;9 Fay.

= .and Hock Elm

¥

-

—
o
—

A=
0 /' ‘)\“K ‘
00”'\”}‘ \_‘1“ r
P PR AL (4'))' '/"f{';\.'.. \)
LD O O Dy
s '('\\,- XY ?,,1;_] ‘I
AN
// ‘\"'.'- A //X

o)

ff ¢ ,svt‘,“ 1. i

/>f?’ ool
L L




a1,

| Dee,

H 237
s i

340

- gy =
- % » .JO ll..'o T e mea— » . : ' r &
f =¥ J sl s m'\uv = n’.t.\ﬂ Fat % .. . -
n\ : =2 |- .flk’v
u y

J — —
- - .' - V' . - —_- - '| — I. = . - .
. ..u \I\";(m : _llJI-& J. ’ J’ Jw.\ o-..- w [Jﬂu}}lﬁﬂ.\‘\‘ /\l‘) lhnc. ._\v.ld

ﬁ?ﬁ’ J)““’J))\)\(\l!)}l\r‘tg ))jl’n\{ﬂj\lﬁ ——— | - - v y : . 3 , :
N N> — - - > | . r l g MDD ) > | J. ! . s | M 3 o ,.l ] _ N . m _ " 1\ —— y o .—.’\.l.l‘.v \ eT_— & —— P ; ——— &

.. iRt jo [ajoj0 jaja |0 T ﬁ) 1O “/O {0 ?b“ﬂwﬁwjf ONRIBICICIOIYaal a0 . . B e e e e e soS=S oSS tA
- - ! ] ; ] -~ d ¥ ’ - 4 T A\ ¥ 3
“g) B \(-\/\‘lf('}l.\} \l(.\/.l\ o - Fos K3 - - ~ - 'y ] g ..m_ " ”. R - b N | 0 S Lr ! — L 1s®

Yoklelaldlo/alu o lolelolojo o Jeloielc|ojO ool WO I AR = l)quMM\MWmJT\.ﬂ)\.*[ﬁ —— .]/l\./t,_(:n\\tl\uﬁxl‘\l;)\).ldﬂ\\\\hurnunv}.ﬂ).}f..p.\v
== N N A e e R S e .Y)o(uv{r.\.{\.«crﬂ»l\(jl}) Nt R . il W ¥ 1 o ) % W kK. A § 1a
v : 151110 . . . & A ) T le 3 —— . \ gy — Ll.f/l\v. — }‘:

! Jolejojaldle| 0| O o]0 jolO/C|0] 0 |C Ja] QRRINYICL O s S {\ﬂk){J}J(r{\%VNl = i O @ e '
‘l-lH\.Jl("‘\\-ll* A<l )\\ll\/\\bl.l‘b/db[ [ {I \/\\fl\\t ‘l\hf\.l\ﬁo!\;.-’\)l .?,) < ] ) J\\.h .N. _ T ——— (\L(H\)My“\l) .. AR
| - ” 1 -~ | & r) 3 a m. _(. . “\/.. f P —— ~ y‘.{.(({..” : .'_. # Illl.//\.f\l!ll\\\ﬂ/.'ql —
r[ll n'_( (((/\(»[ \ () I- hl‘ll’). L~ .(i\(.{.l(./.* (('\({ {I‘l\ - ﬂl‘l‘,{..( {. P {'
- - ES s 8 e rw
) r c" 22 " s
. A s -
S, 5 - =




— ——— | — ——————— —" — .

| 8RS, |

- A oy o=
- A M
’

ler




Day. |




